Conjugated dienes in ischemic and reperfused myocardium: an in vivo chemical signature of oxygen free radical mediated injury.
Free radical reactions have been suggested to be important events in the mechanism of myocardial injury during ischemia and reperfusion. Most of the in vivo evidence implicating free radical mediated events in the etiology of myocardial injury has been based on intervention studies which document the efficacy of oxygen free radical scavengers in improving function or tissue salvage. We have assayed free fatty acid oxidation products (hydroxy conjugated dienes) derived from myocardial phospholipid as chemical markers of oxidative injury. Biopsies, harvested from canine myocardium subjected to cardiopulmonary bypass with no aortic crossclamp (control), from pre-ischemic, end ischemic (at the end of 45 min of global normothermic ischemia induced by aortic crossclamp) and at 5, 10, 15, 30 and 60 mins of reperfusion were analyzed for hydroxy conjugated dienes using HPLC with structural confirmation by GC-MS. All biopsies were taken from non-necrotic myocardium as indicated by gross tetrazolium staining of myocardial cross sections. Trace levels of hydroxy conjugated dienes could be detected in the preischemic biopsies or control biopsies harvested from hearts subjected to cardiopulmonary bypass with no ischemia. At the end of 45 min ischemia, however, a significant increase in 18:2 and 20:4 hydroxy isomers was detected and confirmed by GC-MS (P less than 0.05 vs. control). After 5 mins of reperfusion a further significant increase in hydroxy conjugated dienes was noted with 18:2, 20:4 and 22:6 isomers being identified (P less than 0.01 vs. end ischemia). By 30 min of reperfusion the concentration of phospholipid oxidation products had returned to pre-ischemic levels. This study presents the first chemically rigorous in vivo evidence for the formation of products of phospholipid oxidation (hydroxy conjugated dienes) during myocardial ischemia and reperfusion and supports the concept of oxygen free radical mediated lipid peroxidation. This study emphasizes the formation of phospholipid oxidation products during ischemia and particularly during the early phase of reperfusion and illustrates the transient nature of these products in myocardial phospholipid.